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Abstract Nano-ordered MCM-41 anchored sulfonic acid (MCM-41-SO3H) was used as an efficient
heterogeneous catalyst for the synthesis of Schiff bases by the reaction of different aryl/alkyl aldehydes or
ketoneswith primary amines at room temperaturewith high to excellent yields. Thismesoporous catalyst
can be reused at least four times without significant loss to its catalytic potential.
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The condensation of carbonyl compounds with primary
amines to produce the corresponding imines was first discov-
ered in 1864 by Hugo Schiff. Hence, imines are often referred to
as Schiff bases or azomethines [1]. The imine formation is one
of themost important reactions in organic andmedicinal chem-
istry [2]. For instance, imines are used as versatile components
in the asymmetric synthesis of α-aminonitriles [3], preparation
of secondary amines by hydrogenation [4], and in cycloaddition
reactions [5]. In addition, imines have been discovered to have a
wide range of biological activities such as lipoxygenase inhibi-
tion, anti-inflammatory, anti-cancer [6], antibacterial, and anti-
fungal behavior [7].
Many procedures have been introduced for the prepara-
tion of imines in the literature since the pioneering work
of Hugo Schiff. Among recent methods or techniques for
the preparation of imines, the use of ionic liquids [8], in-
frared [9], microwave [6], and ultrasound [10] irradiation can
be mentioned. However, the main problem which affects the
∗ Corresponding author. Tel.: +98 21 77240289.
E-mail address: naimi@iust.ac.ir (M.R. Naimi-Jamal).
Peer review under responsibility of Sharif University of Technology.
1026-3098© 2013 Sharif University of Technology. Production and hosting by Els
doi:10.1016/j.scient.2013.02.007yield of the products originates in the existence of equilib-
rium conditions between the reactants and the correspond-
ing imines, along with water, as a byproduct of the reaction.
To overcome this problem, various dehydrating agents such
as P2O5/SiO2 [11], MgSO4-Mg(ClO4)2 [12], fuming TiCl4 [13]
or aromatic solvents forming azeotropic mixtures with wa-
ter at high temperatures have been used. Such methodolo-
gies often suffer from complicated procedures, moisture sen-
sitive catalysts or reagents, large quantities of toxic aro-
matic solvents, huge amounts of costly dehydrating agents
or catalysts, high reaction temperatures, and long reaction
times. In addition, some of these methods are limited only to
the synthesis of aldimines and are not suitable for prepara-
tion of ketimines. Therefore, the development of more effi-
cient and rapid protocols to produce imines remains in high
demand.
On the other hand, ordered mesoporous materials are used
for fine chemical synthesis as heterogeneous solid catalysts.
Nano-ordered mesoporous materials offer high surface areas
with high concentrations of active sites [14]. In 1992, re-
searchers at the Mobil Corporation made a major discovery of
the M41S family of silicate/aluminosilicate mesoporous molec-
ular sieves with exceptionally large uniform pore structures. It
should be taken into account that a decisive choice of surfac-
tant, adding auxiliary organic chemicals and changing reaction
parameters (e.g. temperature or composition of the reactants
and templates) can play significant roles in controlling meso-
porous structure [15]. Furthermore, it is likely to improvemeso-
porous materials by the functionalization of their surfaces by
evier B.V. Open access under CC BY-NC-ND license.
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covalent anchoring of active groups such as sulfonic acid. For in-
stance, MCM-41, a member of the M41S family, does not show
acidic properties, but its acidic functionality can be enriched by
means of grafting sulfonic acid onto its surface through silanol
groups [16]. Along this line, a variety of mesoporous sulfonic
acids have been introduced and their applications as catalysts
in chemical transformations have been investigated in recent
years [17]. Herein, we wish to report our results on an effi-
cient, rapid and simple method for the synthesis of imines in
the presence of nano-ordered MCM-41 anchored sulfonic acid




tetraethyl orthosilicate (TEOS, >98%), diethylamine (synthetic
grade) and absolute EtOHwere purchased fromMerck and used
without further purification. All other chemicals were provided
by Merck or Aldrich and used as received, except liquid aldehy-
des and aniline which were distilled prior to use. MCM-41 [17],
M-MCM-41s (M = B, Al, Fe, Zn) [18a] andMCM-41-SO3H [18b]
were prepared on the basis of previously reported methods.
General procedure for preparation of MCM-41
To 42 mL deionized water in a 500 mL beaker, 2.7 g
diethylamine was added at ambient temperature and stirred.
Then, 1.47 g cetyltributylammonium bromide (CTAB) was
gradually added to the above mixture until a clear solution was
obtained. Tetraethyl orthosilicate (2.1 g) was added drop-wise
to the solution and the pH was fixed at 8.5 by addition of 1 M
HCl solution. After 2 h, the resulting solid product was filtered
and washed several times with deionized water, and dried at
45 °C for 12 h. The obtained MCM-41 was calcined at 550 °C for
5 h to remove all the surfactant [17].
General procedure for preparation of M-MCM-41s
The procedure is the same as for the preparation of MCM-
41, but before adjusting the pH with 1 M HCl, one should add
0.032 g boric acid, 0.06 g Al(OH)3, 0.13 g FeCl3 · 6H2O, or 0.11 g
ZnCl2, as the source for B, Al, Fe or Zn, respectively [18a].
General procedure for preparation ofMCM-41-SO3H
MCM-41 (1 g) was suspended in CH2Cl2 (5 mL) in a 100 mL
round bottom flask equipped with a gas outlet tube and a
dropping funnel containing a solution of chlorosulfonic acid
(2 mL) in dichloromethane (15 mL). The chlorosulfonic acid
solution was added drop-wise to the obtained suspension over
a period of 30 min at room temperature. The HCl gas evolved
from the reaction mixture was conducted via the gas outlet
tube into a NaOH solution. After the completion of the reaction,
the solvent was evaporated under reduced pressure and the
MCM-41-SO3H was collected as a white solid [18b].
2.2. Instruments
FT-IR spectra were recorded as KBr pellets on a Shimadzu FT
IR-8400 spectrometer. GC chromatograms were recorded on a
Perkin Elmer 8400 instrument.Melting pointswere determinedFigure 1: FT-IR spectrum of MCM-41-SO3H.
using an Electrothermal 9100 apparatus and are uncorrected.
All reactions were protected from air moisture using a CaCl2
guard tube. Analytical TLC was carried out using Merck
0.2 mm silica gel 60 F-254 on Al-plates. Nitrogen adsorption
isotherms at 76 K were measured using a Micromeritics ASAP
2020 volumetric adsorption analyzer. SEM micrographs were
obtained using a VEGA II TESCAN microscope.
2.3. Typical experimental procedure for the preparation of imines
In a round bottom flask, MCM-41-SO3H (0.01 g) was slowly
added to a mixture of an aldehyde or ketone (1.0 mmol)
and amine (1.0 mmol) in 2 mL EtOH. The resulting mixture
was stirred at room temperature. The progress of the reaction
was monitored by TLC. Then, the heterogeneous catalyst was
separated from the reaction mixture by filtration and washed
with hot EtOH or EtOAc. The filtrate was then evaporated under
reduced pressure to obtain essentially pure products in most
cases. The pure product was obtained upon recrystallization
from EtOH, when necessary. All the products are known imines
and their structureswere secured on the basis of their analytical
and/or spectral data, compared with literature data.
3. Results and discussion
3.1. Characterization of nanocatalystMCM-41-SO3H
The nanocatalyst MCM-41 was modified by the SO3H acidic
group to create acidic sites on its surface. The MCM-41-SO3H
was characterized by SEM, BET and FT-IR spectroscopy. In FT-
IR spectroscopy (Figure 1), the broad band in the region of
3200–3400 cm−1 is assigned to the O–H stretching vibration
of hydroxyl groups. The bands at 1286 cm−1 and 1321 cm−1
are due to the symmetric and asymmetric stretching vibrations
of S=O of the sulfonic acid group. Moreover, a strong band at
1174 cm−1 is assigned to the Si–O–Si asymmetric stretching
vibrations and a band at 850 cm−1 related to its symmetric
stretching vibrations. The SEM micrographs are shown in
Figure 2. As can be seen, the powder is aggregated,maybe due to
strong hydrogen bonding between the SO3H groups. However,
some non-aggregated particles are shown with width less than
100 nm. The BET Adsorption average pore width (4 V/A) was
measured as 3.4 nm and BJH adsorption average pore width
(4 V/A) was measured as 2.6 nm. These confirm that the pores
are in the nanoscale.
594 E. Ali et al. / Scientia Iranica, Transactions C: Chemistry and Chemical Engineering 20 (2013) 592–597Figure 2: The SEMmicrographs of MCM-41-SO3H.Table 1: Comparison of the influence of different catalysts of the nano-ordered MCM-41 family on the yield of the model reaction.a
Entry Catalyst Amount of catalyst (g) Time (min) Yieldb (%)
1 Al-MCM-41 0.01 20 59
2 B-MCM-41 0.01 60 61
3 Zn-MCM-41 0.01 120 52
4 Fe-MCM-41 0.01 30 64
5 MCM-41-SO3H 0.005 1 70
6 MCM-41-SO3H 0.01 1 86c
7 MCM-41-SO3H 0.02 1 77
8 MCM-41-SO3H 0.1 1 53
a Reaction conditions: p-nitrobenzaldehyde (1a, 1.0 mmol), p-toluidine (2a, 1.0 mmol), EtOH (2 mL), room temperature.
b Isolated yield.
c Crude yield was quantitative.3.2. Optimization of the reaction conditions
The reaction of p-nitrobenzaldehyde (1a) and p-toluidine
(2a) in absolute EtOH at room temperature was selected as
the model reaction. In order to find the optimized reaction
conditions, the effect of the type and amount of the catalyst,
solvent, temperature, and reaction time on the yield of the
model reaction was studied.
3.2.1. Effect of the different catalysts and amount of catalyst
To compare the catalytic activity of some of the members of
the MCM-41 family such as Al-MCM-41, B-MCM-41, Zn-MCM-
41, Fe-MCM-41 and MCM-41-SO3H, their catalytic activities
were studied in the model reaction. As can be concluded from
Table 1, MCM-41-SO3H was the most effective catalyst for
this reaction, presumably due to its higher Bronsted acidic
activity. Interestingly, it was found that the corresponding
imine (3a) has been quantitatively prepared in the presence of
MCM-41-SO3H, after only one minute. The other mesoporous
catalysts required much longer reaction times compared to
MCM-41-SO3H. Furthermore, the optimized amount of the
MCM-41-SO3H was also found to be 0.01 g per 1.0 mmol of the
aldehyde 1 according to Table 1, Entry 6.Table 2: The effect of various solvents and temperature on the yield of the
model reaction.a
Entry Solvent Temperature (°C) Time (min) Yield (%)b
1 n-Hexane r.t. 15 66
2 CH2Cl2 r.t. 30 78
3 Et2O r.t. 20 75
4 EtOAc r.t. 30 65
5 EtOH r.t. 1 86
6 EtOH Reflux 1 87
a Reaction conditions: p-nitrobenzaldehyde (1a, 1.0mmol), p-toluidine
(2a, 1.0 mmol), MCM-41-SO3H (0.01 g), solvent (2 mL).
b Isolated yield.
3.2.2. Effect of different solvents and temperature
The effect of various polar and non-polar solvents such
as n-hexane, CH2Cl2, Et2O, EtOAc and EtOH was studied on
the reaction of 1a with 2a in the presence of MCM-41-SO3H.
As shown in Table 2, EtOH was found to be the best choice,
considering its more environmentally friendly nature and
higher yield of product (Entry 5).
The influence of the temperature on the yield of the desired
product was also investigated. However, it was found that
E. Ali et al. / Scientia Iranica, Transactions C: Chemistry and Chemical Engineering 20 (2013) 592–597 595Table 3: Rapid and efficient preparation of imines catalyzed by nano-ordered MCM-41-SO3H under optimized conditions.a
Entry Carbonyl compound (1) Amine (2) Product (3) Time (min) Yield (%)b m.p. (°C)
1 3a 1 94 (86) 126–128
2 2a 3b 1 89 (80) 89–91
3 2a 3c 1 96 (72) 140–142
4 2a 3d 1 91 (77) 126–128
5 2a 3e 1 89 (75) 91–93
6 3f 2 85 (61) 38–40
7 2b 3g 5 82 (46) 194–196
8 1a 2b 3h 1 95 (73) 90–92
9 1b 2b 3i 1 96 (75) 65–66
10 1d 2b 3j 1 91 (65) 62–64
11 1e 2b 3k 1 93 (87) 63–65
12 2b 3l 1 95 (82) 106–108
13 2b 3m 1 95 (70)c 55–57
14 1a 3n 1 93 (77) 55–57
15 1b 2c 3o 1 91 (78) 61–63
16 1e 2c 3p 1 87 (70) 40–42
17 1g 2c 3q 5 93 (60) 204–206
18 2b 3r 30 90 (61) 49–51
19 2b 3s 30 88 (59) 122–124
20 2b 3t 30 89 (55) 122–124
a Reaction condition: carbonyl compound (1.0 mmol), amine (1.0 mmol), MCM-41-SO3H (0.01 g), absolute EtOH (2 mL), room temperature.
b Crude yield, determined by GC. Numbers in parenthesis refer to isolated yields.
c Only 10% yield of the desired product was detected at room temperature without catalyst after 4 h.temperature does not play a considerable role in improving the
reaction yield (Table 2, Entries 5 and 6).
The optimized conditions (0.01 g MCM-41-SO3H, EtOH, r.t.)
were then developed for different carbonyl compounds. The
results have been summarized in Table 3. Aromatic aldehydes
afforded excellent yieldswith short reaction times, whereas thereaction of ketones required a longer time for completion. The
lower reactivity of ketones compared to aldehydes is related
to the steric hindrance around the carbonyl group of ketones.
Since furfural (1i) is susceptible to polymerization under strong
acidic conditions [19], its reaction with aniline (2b) was
investigated in the absence of MCM-41-SO3H in a separate
596 E. Ali et al. / Scientia Iranica, Transactions C: Chemistry and Chemical Engineering 20 (2013) 592–597Scheme 2: Reaction of p-chlorobenzaldehyde (1d) and p-hydroxyacetophenone (1j) with aniline (2b) under the optimized reaction conditions.reaction. Interestingly, only 10% yield of the desired product
3m was detected at room temperature without any catalyst
after 4 h. However, it reacted well with 2b and produced the
corresponding imine 3m in the presence of MCM-41-SO3H in
quantitative yieldwithout formation of any polymerization side
reaction (Table 3, Entry 13).
As shown in Table 3, the crude yield of the products
was quantitative in most cases. However, as is well known
for imines, the isolated yield of the desired product, 3 was
somewhat less than the crude yield. This may be due to
the hydrolysis of imines to their corresponding carbonyl
compounds and amines during the work up procedure. Some
of the hydrolysis can be prevented using anhydrous solvents
or by fast work up and keeping the crude reaction mixture
away from moisture. However, this protocol is promising for
performing one-pot reactions with the in situ prepared imines
as intermediate; hence it would not be necessary to purify the
produced imines prior to further use.
To study the chemoselectivity of the method, the reaction
of a mixture of p-chlorobenzaldehyde (1d, 1.0 mmol) and
p-hydroxyacetophenone (1j, 1.0 mmol) with aniline (2b,
1.0 mmol) in EtOH was investigated in the presence of 0.01 g
of the catalyst. It was observed that imine formation started
immediately after adding the catalyst. The only product was
the corresponding aldimine 3j, whereas the ketone remained
practically intact (Scheme 2).
3.3. Catalyst reusability and stability
The reusability of the catalyst was studied in four consec-
utive runs for the model reaction. After each run, the catalyst
was filtered and exhaustively washed with EtOH, EtOAc, and
acetone, respectively and then dried. The recycled catalyst was
examined in the next run for themodel reaction. As seen in Fig-
ure 3, the MCM-41-SO3H catalyst promotes the reaction with
remarkable retaining catalytic activity each time. Examination
of the FT-IR spectra of MCM-41-SO3H, before and after the re-
generation, indicated that the structure ofMCM-41-SO3H is suf-
ficiently stable during the recycling process.
4. Conclusion
In summary, different kinds of imines have been prepared
using nano-ordered MCM-41-SO3H as a strong and effective
heterogeneous catalyst. Among the advantages of the method,
the following can be mentioned: (i) the process is very simple
and no laborious azeotropic separation of water is needed;
(ii) by means of this heterogeneous catalyst, aldimines andFigure 3: Recyclability of nano-ordered MCM-41-SO3H catalyst in four
consecutive runs.
especially ketimines have been produced at room temperature
without using any toxic aromatic solvents with high to
quantitative yields; (iii) the reaction time is very short (just
one minute in most cases); and (iv) the catalyst can be reused
several times without remarkable loss of its catalytic potential.
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